native plants in a region (Rossman 2001) . Because of the sporadic introductions and rapid spread of invasive plants, many resource managers, biologists, and policymakers have limited knowledge about the extent of infestation by invasive plants in their regions. For proper management of invasive species, there is not only a need for data on where they occur but also a need for that data to be freely and readily available to enable cost-effective responses by resource managers (Buhle et al. 2005 , Delaney et al. 2008 . Such information provides a quantitative rationale for policymakers to allocate society's resources most effectively and efficiently (Leung et al. 2002) . We have created a model program in Texas that relies on citizen scientists to collect invasive species data, which is then recorded in a public database that resource managers can access for weed management, scientists can use for predicting weed distributions, and policymakers can use to understand the scope of invasive species problems.
Citizen scientists are volunteers who participate as field assistants in scientific studies (Cohn 2008) . Citizen scientists currently play an active role in a wide range of ecological projects, and their contribution has enabled scientists to collect large amounts of data over wide areas at a minimal cost (McCaffrey 2005 , Braschler 2009 ). Early citizen scientist programs were created merely as educational tools, but there has been a growing focus on using citizen scientists to collect long-term data. Many citizen scientist-based networks help address the needs of ecologists and scientists to collect data for large-scale projects, such as breeding bird surveys, H umans have surpassed natural forces as the chief global disperser of vascular plants, and the large volume of international commerce virtually guarantees that new weeds will turn up in new ranges (Mack and Lonsdale 2001) . Potentially invasive species are being introduced into the United States at an alarming rate, and our knowledge of their actual distribution is limited. Invasive plants, animals, and fungi are the second-leading cause of native plant endangerment, exceeded only by habitat destruction and degradation, and influence biodiversity, aesthetics, recreation, and property value (Wilcove et al. 1998 , Mack et al. 2000 , Leung et al. 2002 . The majority of plants used in agriculture, forestry, and horticulture in North America are not native to the continent (Reichard and White 2001) . In the history of the United States, over 5000 nonnative invasive plants have been introduced for food crops, land restoration, erosion control, or ornamental purposes and have become established in our natural ecosystems (Morse et al. 1995) . Some of these species have caused major economic loss in agriculture, forestry, and other segments of the US economy, not to mention grave harm to the environment through the displacement of native plant species (Pimentel et al. 2005) . Invasive plants spread at a rate of 14% per year and, on public lands, consume 4600 acres of wildlife habitat per day (Babbitt 1998 
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Christmas bird counts, FeederWatch, Galaxy Zoo, REEF, and various other monitoring programs (Trumbull et al. 2000 , Brewer 2002 , Brossard et al. 2005 , Lee et al. 2006 , Cooper et al. 2007 , Delaney et al. 2008 , Fitzpatrick et al. 2009 , Sullivan et al. 2009 ). The Internet has broadened our capacity for public outreach; has made large-scale, realtime information sharing possible; and has been remarkably successful in advancing scientific knowledge , Sullivan et al. 2009 ). Data from these citizen sciencebased projects have allowed organizations to track population data, create better distribution maps for species, and inform management decisions through published scientific literature ). Although citizen scientist programs are commonly used to survey and monitor native species, few have involved invasive species issues, and those that have were usually short term or focused on eradication efforts (Delaney et al. 2008 , Galloway et al. 2009 ). The growing threat of invasive species has increasingly drawn attention to the importance of documenting the distribution and spread of introduced organisms (Fitzpatrick et al. 2009 ). The Invaders of Texas program is a successful citizen science initiative focused on long-term surveying and monitoring of invasive plants throughout Texas and contributes valuable data to help researchers better understand their distributions.
The Invaders of Texas program is a collaborative effort among the Lady Bird Johnson Wildflower Center, US Forest Service Forest Health Protection, the Texas Forest Service, the Texas Master Naturalists, and the Texas Parks and Wildlife Department. Invaders of Texas is an innovative program whereby citizen scientists are trained to detect the arrival and dispersal of invasive species in their own local areas and to report them into an online, statewide mapping database. The Invaders of Texas program is designed so that any time a person is engaged in an outdoor activity, he or she can collect distribution data. The program also raises awareness about invasive species in natural areas. The overarching goals of this program are to train a large, geographically distributed network of citizen scientists to find and report outbreaks of selected invasive species in Texas; to validate and use that data to develop maps of invasive species in order to improve our understanding of invasive species distributions in Texas; to create partnerships with and provide information to regional resource managers and agencies to control or eradicate invasive species; to provide opportunities for volunteers to help in these eradication efforts; and, through continuing education, to educate our volunteers to a level at which they can train the next generation of citizen scientists. Over the last five years, the program has created a network of citizen scientist teams, organized geographically into regional satellite groups. These satellite groups are connected to local resource managers, who coordinate appropriate responses in order to control the spread of unwanted invaders. The program was developed in 2005, and in 2006 and 2007, the program was introduced in 12 unique areas in Texas. In 2008 and 2009, we expanded the program by hiring a full-time coordinator and conducting 13 more training workshops, focused on the three ecoregions identified as having the highest priority in the Texas Wildlife Action Plan (Bender et al. 2005) . In this article, we describe the Invaders of Texas program and show how the data obtained from citizen scientists can be used to further our knowledge about the distribution of invasive species in Texas.
The model: The satellite network and training Regional teams, called satellites, are the foundation of the Invaders of Texas program (figure 1). Texas covers 266,807 square miles, and represents 8.8% of the US mainland; therefore, it would be impossible for a centralized organization to provide expert assistance to all citizen scientists. Each satellite has a volunteer leader, who is responsible for managing local issues, organizing and conducting workdays, and acting as the intermediary between the central coordinators and the satellite members. In addition, each satellite is connected to a local network, with local experts to help with local issues and to answer local questions. Our success can be attributed to the satellite network structure. Dedicated satellite leaders and strong satellite structure are essential in a state as large as Texas. To keep the citizen scientists engaged, it is important to facilitate a connection among local resource managers, professional scientists, and the citizen scientists (Fore et al. 2001) , and the satellite network offers this connection.
Citizen scientist training workshops are organized by the satellite leader and administered by personnel from the Wildflower Center or the Texas Forest Service. The program recruits heavily from the Texas Master Naturalist program because that program is well established throughout Texas and its members are well versed in outdoor skills and knowledgeable about the local flora and fauna. The satellite leader is responsible for recruiting citizen scientists and locating a venue for the workshop. The satellite leader is also responsible for supplying specimens of 10-12 local invasive plant species that are commonly found and easy to identify. We have found that this approach allows people to become familiar with invasive species in their area and reduces the anxiety associated with trying to learn in one day how to identify a large number of invasive species.
All workshop participants attend a one-or two-day intensive training on the Invaders of Texas program using the 33-page Invaders of Texas training manual (http:// texasinvasives.org/invaders/toolkit.php). The workshop participants are taught to identify local invasive plants, field safety, how to use a GPS (global positioning system) unit and digital camera, data collection and submission protocols, and how to submit the data into the online database. Once a participant has completed a workshop, he or she is free to create a personal profile and to start reporting invasive plants into the Invaders of Texas database.
In 2009, an online training program was created to recruit citizen scientists living in areas without established satellites or scheduled workshops. These recruits must complete eight Professional Biologist online training modules modeled after those in the Invaders of Texas training manual. Each module is accompanied by a quiz. Each recruit officially becomes a citizen scientist when all eight quizzes have been passed, and he or she can then log into a personal account and start reporting into the database. 
is approximately equivalent to $71,000 in saved labor cost (Independent Sector 2010). To measure the degree to which the Invaders of Texas program engaged citizens in data collection, we looked at the total number of observations entered and the number of citizen scientists who entered observations more than once (Lee et al. 2006 ). On average, the Invaders of Texas program recruited 104 volunteers per year from 2005 to 2009. One full year with a full-time coordinator resulted in the recruitment of 338 citizen scientists. Of the total pool of citizen scientists, 37% have submitted more than one observation, 43% of the citizen scientists trained in workshops submitted observations, and only 9% of those trained through the online training submitted observations. The average contribution per active citizen scientist was 32 observations. The Invaders of Texas program has successfully recruited a cadre of citizen scientists to detect and report invasive species throughout the state of Texas. The low retention rate of workshop attendees (43%) is probably a result of our recruiting from the Texas Master Naturalist program. The Master Naturalist program requires members to achieve many training hours, which they can accumulate by attending Invaders of Texas workshops. This encourages some participants to attend merely to achieve training hours and not to participate as citizen scientists after the workshop. However, we feel that the value of recruiting people already knowledgeable about local flora and fauna and well versed in outdoor and safety skills is worth the trade-off. The online training program was created not only to recruit citizen scientists but also to raise awareness about invasive species in Texas. The online training is open to the public, and there are no minimum requirements after finishing the online training, which may be the cause of the low retention rate of 9%. Citizen scientist programs are not just about the data. A key aim of these programs is to raise public awareness about the issues at hand; to create a learning atmosphere, which would result in new scientific understanding and personal perceptions of species, habitat, and conservation; and to raise awareness on the local level about invasive species, which may translate back into tangible participation by citizens (Brewer 2002 , Evans et al. 2005 , Braschler 2009 ). Therefore, the value of public outreach through the online training is well worth a low reporting rate.
Data collection and submission
For each invasive species occurrence, the citizen scientists record the species, the date of the observation, the amount of time spent in the field, the GPS coordinates, the amount of disturbance, the patch type, the abundance of the species, and notes about the location onto a field data sheet. These data, along with a digital image that is required for validation purposes, constitute a single species observation. On their return from the field, the citizen scientists log in and enter their field data into the database. In order to facilitate data entry, there is a one-to-one correspondence between the items on the field data sheet and those on the online data entry form. One lesson that we have learned is that citizen scientists are uncomfortable making advanced scientific decisions. Originally, the citizen scientists were required to report numerous ecological parameters for each observation, but this proved to be intimidating and resulted in fewer species observations. Because the primary goal for the program is to develop baseline maps of targeted invasive species, we scaled back the collection criteria in favor of more observations while still meeting the minimum standard of the North American Weed Management Association (NAWMA 2002) . This change has proven effective and has increased the number of species observations submitted by the citizen scientists.
Citizen science-based projects have long been criticized for lacking scientific rigor and certified audits (Irwin 1995 , McCaffrey 2005 , Delaney et al. 2008 , Fitzpatrick et al. 2009 ); therefore, all of the Invaders of Texas program's data are verified by experts with photographic evidence submitted using an online system devised for validation. After they are validated, all of the observations are made public through the database.
Invaders of Texas database
The Invaders of Texas database is supported by a fully functional Web application that performs three functions: (1) it serves as the data submission system for citizen scientists to log in and report their early-detection data (including image uploads), (2) it has a "behind the scenes" validation system so that the trained validators can edit or verify the species observations submitted by the volunteers, and (3) it provides an easily accessible venue for government and nongovernment organizations to freely export the citizen science data from the Web site. The Invaders of Texas mapping application uses a Google Maps interface (Google, Mountain View, California) . This allows visitors to the Web site to view observations categorized by satellite or by species and to map individual species occurrences. This mapping system includes all of the functionality and ease of use provided by Google Maps, and all of the map points are linked to records in the database.
To better assist resource managers, scientists, and policymakers with their understanding of the distribution of invasive plants in Texas, all data collected by the citizen scientists are made publicly available at www.texasinvasives.org. The database includes a tool that allows the public to freely export the citizen science data from the Web site into Microsoft Excel. The data can then be easily converted to KML, XML, CVS, or MDB files and imported into any geographical information system for further analysis.
Testing the citizen science concept Arundo donax (giant reed) was chosen for a test of the value of the Invaders of Texas citizen scientists' data. Arundo donax is easy to identify and common throughout Texas, making it a suitable candidate for testing. Observation data for A. donax were exported using the "Export this data to Excel" Professional Biologist function of the database. Using ArcGIS Version 9.3 (ESRI, Redlands, California), a shapefile of individual observations and a digital county map were created from the Invaders of Texas data. County records from the US Department of Agriculture (USDA) PLANTS database (USDA 2010 ) and the Atlas of the Vascular Plants of Texas (AVPT; Turner et al. 2003) were digitized using ArcGIS and combined to form one map of previously recorded counties. These previously recorded counties were compared with the citizen scientist data to determine how many counties recorded by the citizen scientists were not previously recorded by Turner and colleagues (2003) This simple analysis highlights the fact that the Invaders of Texas citizen scientists are contributing valuable information to the scientific community about the distribution of invasive plants in Texas. Using the citizen science data, we showed that A. donax is more widespread than was previously noted, and that the actual distribution of an organism is valuable information to resource managers, scientists, and policymakers. These preliminary results demonstrate that using citizen scientists to perform data collection has the potential to increase the amount of information about invasive species distributions.
Similar citizen science programs
The Invasive Plant Atlas of New England (IPANE; Mehrhoff et al. 2003 ) is a similar, successful citizen science program for detecting invasive species. IPANE's mission is to create a comprehensive, Web-accessible database of invasive and potentially invasive plants in New England that will be continually updated by a network of professionals and trained volunteers (Mehrhoff et al. 2003) . The Invasive Plant Atlas of New England assigns its citizen scientists to public access areas within US Geological Survey quadrants (Mehrhoff et al. 2003) , whereas the Invaders of Texas program does not direct its volunteers to specific locations but, instead, encourages the satellite leaders to make a connection with a local resource manager for access to public and private properties and also encourages more opportunistic observations. IPANE's method requires more staff involvement but ensures that all areas are eventually surveyed (Sarah Treanor Bois, Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, personal communication, 13 January 2011). The Invaders of Texas program requires less staff time to acquire the same data but runs the risk of an area's not being surveyed if a connection is not made between a local resource manager and the local satellite leader. Directing volunteers to a specific area also reduces the chances of an early detection of a new invader. Both programs resolve this problem by allowing the citizen scientists to record opportunistic observations outside their assigned areas. The two programs have a similar data sheet, which follows the standards put forth by the North American Weed Management Association (NAWMA 2002) , although IPANE encourages its citizen scientists to collect absence data. By collecting absence data, the IPANE model creates a data set that is more useful to ecological modeling. According to Victor Maddox (Department of Plant and Soil Science, Mississippi State University, personal communication, 12 January 2011), the greatest challenge to starting IPAMS was working with state agencies and stakeholders in nearby states. As a single-state program, the Invaders of Texas program did not have to face these challenges.
The Invaders of Texas program, IPANE, and IPAMS are similar in their missions, but they differ in their approaches and goals. Each of them has created a well-rounded, efficient citizen science program to detect and report invasive species.
Conclusions
We have shown that, given proper training, citizen scientists are able to detect and report invasive plants in their local area, and with a working validation system in place, the data they collect can be used with confidence by professional scientists to perform their own analyses.
Through real-time communications and face-to-face interactions, citizen scientists make a personal connection with local scientists and administrators (Evans et al. 2005) . Dependable and repeated funding from state and federal partners has given the Invaders of Texas program stability and provided for a full-time coordinator to expand the program and respond to the needs of the citizen scientists and satellite leaders. A full-time coordinator who can focus solely on the program has increased recruitment of and contact with citizen scientists and has allowed the program to grow as a whole. Combining the Internet with a populace of trained citizen scientists can provide unprecedented opportunities to mobilize a community to address new environmental problems, in a sense creating the environmental equivalent of a "fire brigade," ready to act as the need arises (Cooper et al. 2007 ). Seamless integration among all program features (citizen scientists, satellites, and workshops) and the Web-based data entry and mapping systems allows us to effectively manage a large, geographically distributed network. The Invaders of Texas program can act as a model for other states that want to create their own "fire brigade" of citizen scientists to detect and report invasive species. The Invaders of Texas model could be easily adapted to other citizen science-based projects, such as urban forest surveys, rare plant monitoring, and so on.
In conservation biology and ecology, citizen science programs provide the opportunity to enlist the public to help survey entire landscapes over long periods of time (Sullivan et al. 2009 ). Future use of citizen scientists on a national level to collect invasive plant location data is essential to a better understanding of the spread of invasive species across the country. There is no reason that this could not be done in the near future. The Invaders of Texas program offers a successful model for other states to follow. A large-scale collaboration of states using citizen scientists to gather invasive plant data would allow for massive data collection and further understanding of the spread and distribution of important invasive plants. These data could be used in many other analyses, such as those of how fast invasive species are currently spreading and how and where they will likely spread in the wake of climate change.
